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MIXING SYSTEM FOR PROCESSES USING 
SUPERCRITICAL FLUIDS 

BACKGROUND OF THE INVENTION 

The invention relates generally to apparatus for carrying 
out a process that uses supercritical ?uids, such as, for 
example, a process for preparing coating materials as 
described in US. Pat. No. 5,399,597 and co-pending US. 
patent application Ser. No. 08/438,681 entitled “CONTROL 
SYSTEM FOR PROCESSES USING SUPERCRITICAL 
FLUID”, the entire disclosures of Which are both fully 
incorporated herein by reference. More speci?cally, the 
invention relates to improvements and alternative embodi 
ments of the mixing system including the pressure vessel 
and agitator that are part of the overall system described in 
the aforementioned disclosures. 

The systems described in the referenced disclosures are 
effective for many processes that use supercritical ?uids. 
HoWever, improvements in the pressure vessel (reactor tank) 
have been discovered Which can signi?cantly improve the 
overall performance and quality of the ?nished product for 
different reaction processes. 

Temperature control Within the pressure vessel (also 
referred to herein as the reactor vessel or tank) is an 
important part of the overall reaction process. It is especially 
important to provide a heat transfer system that can rapidly 
control changes of the reaction mixture Within the pressure 
vessel. Although conventional heat/cool jackets can be used, 
as described in the referenced disclosures, some reaction 
processes may require a higher degree of control of tem 
perature Within the pressure vessel. This is particularly so for 
effecting and/or controlling rapid changes in temperature 
and pressure Within the pressure vessel. 

The agitator is also an important element of the overall 
system. The agitator not only is used for mixing the batch 
ingredients during the reaction process in the pressure 
vessel, but is also used for delivery or transfer of the ?nished 
reaction to the receiver vessel. Typical reaction processes 
can involve high viscosity slurries Within the pressure vessel 
Which conventional agitators may be inadequate to either 
mix or assist in the transfer of the ?nished reaction to the 
receiver. 

The objectives exist, therefore, to provide a mixing sys 
tem that improves the ?exibility and utility of supercritical 
process systems as such as are described in the aforemen 
tioned disclosures. 

SUMMARY OF THE INVENTION 

To the accomplishment of the foregoing objectives, the 
invention contemplates, in one embodiment, apparatus for a 
process using supercritical process media, comprising a 
pressure vessel including an agitator for mixing a batch of 
materials therein; a source of process media supplied to the 
pressure vessel; heat transfer means for maintaining the 
process media in the pressure vessel in a supercritical state; 
and delivery means for introducing into the pressure vessel 
batch materials that are mixed in the presence of the process 
media in a supercritical state to produce a reaction mixture 
based on a selectable reaction process; the heat transfer 
means comprising a liner that generally conforms to an 
interior surface geometry of the pressure vessel, With the 
liner comprising a high thermal conductivity material; the 
liner comprising an interior heat transfer surface in thermal 
exchange With the reaction mixture, and a plurality of ?uid 
channels; heat transfer ?uid that circulates through the 
channels and in thermal exchange With the heat transfer 
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2 
surface; and heat transfer ?uid supply means exterior the 
pressure vessel for circulating the heat transfer ?uid through 
the channels. 

The invention also contemplates in another embodiment a 
mixing vessel for a process using supercritical process 
media, the vessel comprising an agitator for mixing a batch 
of materials and a process media in a supercritical state in 
the vessel to produce a reaction mixture based on a select 
able reaction process; and heat transfer means for control 
ling temperature of the reaction mixture, the heat transfer 
means comprising a liner that generally conforms to an 
interior surface geometry of the vessel, With the liner com 
prising a high thermal conductivity material; the liner com 
prising an interior heat transfer surface in thermal exchange 
With the reaction mixture, and a plurality of ?uid channels; 
heat transfer ?uid that circulates through the channels and in 
thermal exchange With the heat transfer surface; and heat 
transfer ?uid supply means exterior the pressure vessel for 
circulating the heat transfer ?uid through the channels. 
The invention also contemplates an agitator for reaction 

processes using supercritical process media, comprising: a 
drive shaft, impeller blades in the form of a double helix and 
Which extend longitudinally about the drive shaft; and at 
least one radial impeller blade disposed near the periphery of 
the double helix and that extends longitudinally along the 
drive shaft. 

These and other aspects and advantages of the present 
invention Will be readily understood and appreciated by 
those skilled in the art from the folloWing detailed descrip 
tion of the invention With the best mode contemplated for 
practicing the invention in vieW of the accompanying draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed schematic representation of a 
pressure vessel (and receiver vessel) shoWn in partial cross 
section in accordance With the invention; 

FIG. 2 is a more detailed illustration in partial cross 
section of the pressure vessel in FIG. 1; 

FIG. 3 illustrates a typical interconnection arrangement 
for the supply of heat transfer ?uid to the pressure vessel of 
FIG. 1; and 

FIGS. 4A and 4B illustrate an agitator in accordance With 
the invention, With FIG. 4B shoWing the agitator in a 
position rotated 90 degrees from the position of FIG. 4A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to FIG. 1, there is illustrated in elevation 
an embodiment of a pressure vessel 10 in accordance With 
the present invention. Many of the details concerning the 
operation and control of the overall system are provided in 
the referenced disclosures, and reference can be made 
thereto for further explanation of the reaction processes and 
controls. The present invention is directed primarily to the 
pressure vessel 10 and to the agitator (not shoWn in FIG. 1) 
that is disposed Within the pressure vessel 10. The pressure 
vessel 10 is connected to the receiver vessel 12 via a transfer 
piping arrangement 14. A?ush valve assembly 16 is used to 
control transfer of material Within the pressure vessel 10 
through the piping 14 to the receiver vessel 12. Near the 
receiver vessel 12 the transfer piping 14 opens to an ori?ce 
18 Which further opens to the receiver vessel 12 via a 
tangential opening 20 in the receiver vessel Wall. The ?uid 
connection betWeen the pressure vessel 10 and the receiver 
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vessel 12 can be realized as described in the referenced 
disclosures, for example, or alternatively the improved ?ush 
valve, ori?ce and tangential opening in the receiver vessel 
12 as described in my co-pending US. patent application, 
Ser. No. 08/882,118 ?led on Jun. 25, 1997 and entitled 
“DELIVERY SYSTEM FOR PROCESSES USING 
SUPERCRITICAL FLUIDS”, the entire disclosure of Which 
is fully incorporated herein by reference. 

The transfer piping 14 can be equipped With band heaters 
22 to prevent icing and coalescing of the material as it ?oWs 
to the receiver vessel due to substantial temperature changes 
caused by the pressure drop from the pressure vessel 10 (for 
example, at 3000 psi) to the receiver vessel 12 (for example, 
at 300 psi). The band heaters are controlled via a temperature 
control unit 24 as Will be described in greater detail here 
inafter. 

Although not part of the present invention, the receiver 
vessel 12 is preferably provided With an external heat/cool 
jacket 26 also controlled by the temperature control unit 24. 
The heat transfer ?uid that ?oWs through the receiver jacket 
26 may be brine or therminol D12, for example, forced 
through the jacket 26 via piping 28 by suitable pumps 30 that 
are part of the temperature control unit 24. Heating and/or 
cooling elements can be provided With the temperature 
control unit 24 to adjust the temperature of the brine based 
on the required temperature Within the receiver vessel 12. 
Conventional temperature sensors (not shoWn) such as ther 
mocouples can be used to monitor the temperature Within 
the receiver vessel. The temperature control unit 24 can also 
be provided With a conventional band heater control circuit 
32 if required. 

With continued reference to FIG. 1, and in accordance 
With one aspect of the invention, the pressure vessel 10 
includes an inner liner 40 (in FIG. 1 the agitator is omitted 
for clarity). The liner 40 (or alternatively the inner surface 42 
of the vessel Wall 44) has a number of ?uid channels 46 or 
conduits formed therein. In the draWings, the relative siZe of 
the channels is someWhat exaggerated for clarity and ease of 
illustration. A heat transfer ?uid is pumped through the 
channels 46 to control the temperature inside the pressure 
vessel 10. Preferably, the liner 40 is made of a material With 
a very high heat transfer coefficient. In the present 
embodiment, the liner 40 is made of nickel. Alternative 
materials include aluminum, beryllium, cadmium, chro 
mium and copper to name just a feW examples. Alloys, such 
as for example alloy cast irons, can alternatively be used. 
The metal or material selected for the liner 40 Will be 
determined in part by the choice of heat transfer ?uid (in this 
example, therminol). The liner 40 should also be durable and 
resistant to the materials that are introduced into the pressure 
vessel 10. Anumber of inlet ports 48 and outlet ports 50 are 
provided. These ports are in ?uid communication With the 
channels 46 and are used to supply and return the heat 
transfer ?uid (represented by the directional ?oW arroWs 52) 
through suitable piping from and to the temperature control 
unit 24. Generally, the temperature control unit 24 Will 
control the temperature of the heat transfer ?uid as 
instructed by the main system controller as described in the 
referenced disclosures. The temperature control unit can 
also be equipped With ori?ce ?oW meters and other moni 
toring apparatus to control ?oW rates and temperature of the 
heat transfer media through the liner 40 and the external 
jacket 26 as required. 

In this embodiment, the heat transfer ?uid is therminol 
D12 available from DoW Chemical or Monsanto. Other heat 
transfer ?uids suitable for use include steam, brine, oil and 
glycerol to name just a feW examples. The heat transfer ?uid 
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4 
selected, along With the selected material for the liner 40, 
Will be based in part on the degree of heat transfer capability 
required for a speci?c system. In many cases, it Will be 
desirable to maximiZe heat transfer so as to provide a 
convenient means for accurate and fast control of the 
temperature of the reaction mixture Within the pressure 
vessel 10. 

With reference next to FIG. 2, a more detailed illustration 
of the pressure vessel 10 is provided (again for clarity the 
agitator is omitted). The pressure vessel 10 in this case 
includes a generally cylindrical body Wall 44 and a generally 
conically shaped bottom end 54. The conical portion 54 can 
be Welded or otherWise attached to the bottom of the 
cylindrical body 44. The conical end 54 is truncated to 
provide an outlet opening 56, Which can be provided With a 
?ange to permit the ?ush valve assembly 16 (FIG. 1) to be 
mounted thereon. 

The upper end of the cylindrical body 44 can also be 
equipped With a ?ange 58 Which is used to support the 
pressure vessel 10 on a support structure (shoWn in phantom 
in FIG. 2). Although omitted from the draWings for clarity, 
the support structure also supports the drive motor for the 
agitator Which is suspended Within the pressure vessel 10, as 
Will be described hereinafter. 

The liner 40 is attached to the interior surface 42 of the 
pressure vessel 10 by any convenient means. In this case, the 
liner 40 is Welded to the pressure vessel Wall 44, as at upper 
Weld joint 60. Since the vessel 10 is generally a tWo piece 
unit, so too the liner 40 includes a generally cylindrical 40 
a and a conical loWer portion 40b (alternatively, the liner 
could be made as a single integral piece, for example). 
Several features of the liner 40 enhance its heat transfer 
characteristics. The liner 40 preferably is relatively thin to 
provide maximum heat transfer from the heat transfer ?uid 
?oWing through the channels 46 to the reaction mixture 
inside the vessel 10. In general, the heat transfer capability 
of the liner 40 decreases With increasing thickness of the 
liner 40. The liner 40 must be thick enough, hoWever, to 
Withstand the pressure of the ?uid therein, as Well as to avoid 
rupturing should the agitator (Within the pressure vessel 10) 
come into contact thereWith. A liner 40 of thickness on the 
order of 0.2 to 1.4 inches has been found suitable for the 
present invention, but these values are exemplary only and 
not limiting as to the scope of the invention. Heat transfer 
rates on the order of 0.75 to 2.5 million BTU/hr can be 
readily achieved, With again these values being exemplary 
and not limiting as to the scope of the invention. 

In this embodiment, the liner 40 is formed so as to closely 
conform With the interior geometry of the vessel 10, thus 
permitting the liner 40 to take up very little space Within the 
tank, While at the same time being in intimate thermal 
contact With the reaction mixture as it circulates Within the 
tank under the motive force of the agitator. It is important 
that the liner 40 be made of a sturdy material so that should 
the agitator de?ect and hit the liner interior surface 62 the 
liner 40 Will not rupture. Nickel is thus a preferred, though 
not exclusive material, for making the liner 40 due to its high 
heat conductivity and good strength. Note that preferably the 
cylindrical portion 40a and the conical portion 40b of the 
liner 40 are both provided With the channels 46, thus 
permitting excellent heat transfer and temperature control 
along the entire length of the pressure vessel 10. 
The bottom of the liner cylindrical portion 40a and the top 

of the conical liner portion 40b are attached to the vessel 
Wall 44 by any convenient means. In this case, a single loWer 
Weld joint 64 serves this purpose. 
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The juncture or knuckle 66 of the cylindrical liner portion 
40a and the conical portion 40b at the loWer Weld joint 64 
is provided With a reinforced raised inner surface 68. This 
reinforced area is referred to herein as a sacri?cial de?ection 
plate. It Will be noted that Within the area of the sacri?cial 
plate 68 there are no channels 46 for the heat transfer ?uid. 
Although a small amount of temperature control is lost or 
sacri?ced in this region, the region is quite small. But, the 
reinforced knuckle 66 provides a strengthened area that can 
absorb impact of the agitator should the agitator be de?ected 
against the Wall of the liner 40. This further reduces the 
chance that the liner 40 could rupture, thereby releasing 
therminol or other heat transfer ?uid into the reaction 
mixture, or even alloWing material from the pressure vessel 
to back ?oW to the temperature control unit 24 pumps. 

In this embodiment, the channels 46 are formed as 
grooves in the outer surface of the liner 40. The channels 46 
can all be interconnected as a single continuous channel if so 
required, or the channels can be grouped and isolated, for 
example along the longitudinal vertical axis of the vessel 10, 
to provide Zonal temperature control, if so required. The 
channels 46 can also be isolated in groups, but then selec 
tively interconnected by a series of hoses or piping on the 
exterior of the pressure vessel 10 (See FIG. 3). For example, 
in cases Where the reinforced knuckle 66 is used, the 
channels in the conical portion 40b can be connected to the 
channels in the cylindrical portion of the liner by exterior 
tubing or pipes. Alternatively, for example, each Zone can be 
separately fed from the temperature control unit 24. Many 
alternative con?gurations Will be readily apparent to those 
skilled in the art. For example, separate channels could be 
provided for heating and cooling. As another example, note 
that in FIG. 2 all the ports are generally along a single line, 
but in the embodiment of FIG. 1 some of the ports are on 
opposite diametric sides of the tank. In the case of preparing 
poWder coatings, typically the heat transfer ?uid Will be used 
for cooling as the agitator and reaction process Will produce 
sufficient heat and pressure and there Will be a need for 
cooling. HoWever, the liner 40 can also be used as a heat 
source as required. 

In the embodiment of FIG. 2, numerous inlet and outlet 
ports 48, 50 are provided. Each port can be realiZed in the 
form of a tube or pipe that extends through the Wall 44 of the 
pressure vessel 10 and opens to its respective channel 46. 
The number of ports utiliZed Will depend on the extent of 
temperature control required along the length of the pressure 
vessel 10. Longer tanks may cause signi?cant temperature 
variations along the length of the tank during a reaction 
process. 
A typical interconnection scheme is illustrated in FIG. 3. 

In this illustration, the connections to the temperature con 
trol unit 24 are omitted for clarity. In FIG. 3 a number of the 
ports 48, 50 are interconnected by hoses 70 to provide Zonal 
temperature control. Note in this embodiment the loWer hose 
70 is used to interconnect the channels in the conical portion 
40b With the channels in the loWer end of the cylindrical 
portion 40a. The ports that are not shoWn as being inter 
connected are connected by suitable hoses or piping to the 
inlets and outlets of the temperature control unit 24 pumps. 
Also, various pressure and temperature sensors (not shoWn) 
can be provided at the various ports for providing control 
feedback signals to the temperature control unit and main 
control system. 

Because heat transfer is an important function of the liner 
40, it is preferred that the heat transfer ?uid be pumped 
through the liner 40 in the form of a turbulent non-laminar 
?oW. FloW meters and pressure and temperature sensors (not 
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6 
shoWn) can be used to monitor pressure drop and ?uid ?oW 
rates through the various Zones to assure turbulent ?oW. 
Baf?es and other structures can be provided as required to 
enhance a turbulent ?oW through the liner 40. 

With reference next to FIGS. 4A and 4B, in accordance 
With another aspect of the invention, an agitator 80 is 
provided Within the pressure vessel 10. FIG. 4B shoWs the 
agitator rotated ninety degrees from the position shoWn in 
FIG. 4A. The agitator 80 in this case is suspended from a 
support structure above the vessel 10 that includes the drive 
motor for the agitator 80 (not shoWn). The agitator 80 is 
generally in the form of tWo elongated and intertWined 
serpentine blades 82 that form a double helix con?guration. 
Each helical blade 82 is supported on a main shaft 84 by a 
number of support arms 86 Which in this case are generally 
evenly spaced along the longitudinal axis of the shaft 84. 

In the case of making poWder coatings, the reaction 
mixture Within the vessel 10 can be rather high in viscosity. 
The agitator 80 is used for mixing and dispersion, and 
therefore preferably the agitator is designed to signi?cantly 
Work the reaction mixture to circulate it Within the vessel. In 
some applications it Will be useful to have a reversible drive 
motor, such as a DC variable motor available from Siemans. 
The agitator 80 thus Will tend to contribute a signi?cant 
temperature increase to the mixture in the form of Work 
performed in circulating the mixture throughout vessel 10. 
The double helix and fairly loW ?ight angle of the blades 82 
produce a high Work output from the agitator 80 to produce 
these effects. The main shaft 84 is preferably made of a very 
hard non-de?ecting material such as 316 stainless steel, as 
are the support arms 86 and blades 82. The exposed surfaces 
of the agitator 80 can be Stellited if required for added 
stiffness and hardness, as Well as electropolished. 
The outer sWeep diameter of the blades 82 is selected to 

be slightly less than the inner diameter of the liner 40. In this 
Way, the circulating mixture is exposed to a large thermal 
transfer surface of the liner 40 for excellent temperature 
control of the reaction mixture. 

It Will be apparent from FIG. 4A that the agitator 80 is 
suspended from the top of the vessel 10 (such as from a 
journal bearing coupled to the drive motor, not shoWn), and 
that there is no loWer support bearing or other structure at the 
loWer end of the agitator 80. Due to the potentially high 
viscosity of the reaction mixture, as Well as the possible high 
rotation speeds of the agitator, the agitator 80 may be subject 
to small de?ections, and these de?ections Will be most often 
extreme at the loWer end of the agitator 80. Thus, as is 
apparent from FIG. 4B, the sacri?cial de?ection plate 68 
described herein above absorbs the impacts of the agitator 
80 to prevent a rupture of the liner 40. 

As also shoWn in FIGS. 4A and 4B, the agitator 80 
includes a pair of diametric opposed radial blades 88. The 
radial blades 88 are, in this case, located toWards the 
periphery of the agitator double helix, and extend along and 
generally parallel to the length of the main shaft 84. The 
blades are formed as a helix to impart both a vertical 
pumping action (doWn or up depending on the direction of 
rotation of the agitator 80) as Well as a radial motion so as 
to circulate the mixture toWards the nickel liner 40. The 
radial blades 88 operate to impart a circular motion to the 
reaction mixture as the agitator 80 rotates, further increasing 
the energy put into the mixture by operation of the agitator 
80. The radial blades 88 may be supported by the support 
arms 86 and or the double helix blades 82. This tends to 
maximiZe dispersion along the liner Wall and produces Wall 
shear to facilitate the mixing process and heat transfer. In the 
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described embodiment, the blades 80 are individually forged 
and then Welded to the support arms, so that each helix is 
made up of a number of separate blade pieces. 

While the invention has been shoWn and described With 
respect to speci?c embodiments thereof, this is for the 
purpose of illustration rather than limitation, and other 
variations and modi?cations of the speci?c embodiments 
herein shoWn and described Will be apparent to those skilled 
in the art Within the intended spirit and scope of the 
invention as set forth in the appended claims. 

What is claimed is: 
1. Apparatus for a process using supercritical process 

media comprising: 

a pressure vessel including an agitator for mixing a batch 
of materials therein; 

a source connected to the pressure vessel for supplying 
process media to the pressure vessel; 

heat transfer means for maintaining the process media in 
the pressure vessel in a supercritical state; 

delivery means for introducing batch materials into the 
pressure vessel that are mixed in the presence of the 
process media in a supercritical state to produce a 
reaction mixture based on a selectable reaction process; 

said heat transfer means comprising a liner that generally 
conforms to an interior surface geometry of the pres 
sure vessel With said liner comprising a high thermal 
conductivity material; 

said liner comprising an interior heat transfer surface in 
thermal exchange With the reaction mixture and a 
plurality of ?uid channels; 

heat transfer ?uid that circulates turbulently through said 
channels and in thermal exchange With said heat trans 
fer surface; 

heat transfer ?uid supply means exterior to the pressure 
vessel for circulating said heat transfer ?uid through 
said channels; 

said pressure vessel having a shape of an elongated 
cylinder With said interior surface geometry having a 
conically tapered outlet at one end of the cylinder; 

said liner having a cylindrical portion that generally 
conforms to the interior cylindrical portion of the 
pressure vessel and a conical portion that generally 
conforms to the interior conically tapered end of the 
pressure vessel; and 

said liner conical portion being contiguous With one end 
of said liner cylindrical portion to form an elboW; said 
liner including a reinforcing de?ection plate in the area 
of said elboW to absorb impact of the agitator to prevent 
rupture of said liner. 

2. The apparatus of claim 1 Wherein said liner in said 
elboW area omits said channels. 

3. The apparatus of claim 1 Wherein said heat transfer 
?uid comprises therminol. 

4. The apparatus of claim 1 Wherein said agitator is 
supported at one end longitudinally Within the pressure 
vessel from a support structure at an inlet end of the pressure 
vessel opposite said pressure vessel outlet end; an opposite 
end of said agitator hanging free Within the pressure vessel 
proximate said de?ection plate. 

5. The apparatus of claim 4 Wherein said agitator com 
prises impeller blades in the form of a double helix With 
reinforcing blade supports distributed along the length of 
said agitator. 
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6. The apparatus of claim 5 Wherein said agitator com 

prises a plurality of longitudinally extending radial impellers 
attached to said double helix blades along the agitator 
periphery and Which impart a circular motion and Wall shear 
to the reaction mixture. 

7. The apparatus of claim 1 Wherein said liner comprises 
nickel. 

8. The apparatus of claim 1 comprising temperature 
control means for adjusting the temperature of the heat 
transfer ?uid to maintain the process media in a supercritical 
state Within the pressure vessel. 

9. Apparatus for a process using supercritical process 
media, comprising: 

a pressure vessel; 

an agitator for mixing a batch of materials and a process 
media in a supercritical state in the pressure vessel to 
produce a reaction mixture based on a selectable reac 

tion process; 
heat transfer means for controlling temperature of the 

reaction mixture, said heat transfer means comprising a 
liner that generally conforms to an interior surface 
geometry of the pressure vessel, With said liner com 
prising a high thermal conductivity material; 

said liner comprising an interior heat transfer surface in 
thermal exchange With the reaction mixture, and a 
plurality of ?uid channels; 

heat transfer ?uid that circulates through said channels 
and in thermal exchange With said heat transfer surface; 

heat transfer ?uid supply means exterior the pressure 
vessel for circulating said heat transfer ?uid through 
said channels; 

said pressure vessel having a shape of an elongated 
cylinder With said interior surface geometry having a 
conically tapered outlet at one end of the cylinder; 

said liner having a cylindrical portion that generally 
conforms to the interior cylindrical portion of the 
pressure vessel and a conical portion that generally 
conforms to the interior conically tapered end of the 
pressure vessel; and 

said liner conical portion being contiguous With one end 
of said liner cylindrical portion to form an elboW; said 
liner including a reinforcing de?ection plate in the area 
of said elboW to absorb impact of the agitator to prevent 
rupture of said liner. 

10. The apparatus of claim 9 Wherein said liner in said 
elboW area omits said channels. 

11. The apparatus of claim 9 Wherein said agitator is 
supported at one end longitudinally Within the pressure 
vessel from a support structure at an inlet end of the pressure 
vessel opposite said pressure vessel outlet end; an opposite 
end of said agitator hanging free Within the pressure vessel 
proximate said de?ection plate. 

12. The apparatus of claim 11 Wherein said agitator 
comprises impeller blades in the form of a double helix With 
reinforcing blade supports distributed along the length of 
said agitator. 

13. The apparatus of claim 12 Wherein said agitator 
comprises a plurality of longitudinally extending radial 
impellers attached to said double helix blades along the 
agitator periphery and Which impart a circular motion to the 
reaction mixture. 

14. The apparatus of claim 9 Wherein said liner comprises 
nickel. 

15. The apparatus of claim 9 comprising temperature 
control means for adjusting the temperature of the heat 
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transfer ?uid to maintain the process media in a supercritical 
state Within the pressure vessel. 

16. The apparatus of claim 1 Wherein said channels are 
formed in an exterior surface of said liner subjacent said 
interior surface. 

17. The apparatus of claim 1 Wherein said channels are 
divided into a plurality of separate temperature control Zones 
distributed longitudinally along the length of the pressure 
vessel. 

10 
18. The apparatus of claim 9 Wherein said channels are 

formed in an exterior surface of said liner subjacent said 
interior surface. 

19. The apparatus of claim 9 Wherein said channels are 
divided into a plurality of separate temperature control Zones 
distributed longitudinally along the length of the pressure 
vessel. 


